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Pat. AMERICaM AIRwATS> — WILLT@ANTIC, CORMNECTICUT, June 18, 1946

. Acciluent

& Pan american airwvays %ockheeﬂ Conutellation, designated as Trip 100,
en route from New York, L. Y., to London, England, w2, landed at fincham iir-
70Tt biiifffﬁﬁip’ Corecticut, at l?Od*, June 18, 1946, with wheels retrsctea,
Foliowing a fire in No. / engine anc subsequent loss of the engine during ftight,
Mo 1BJuries vere sustained by any Pf the occupants 4s a recait of‘eitner the

fire in flight or the emergency landing.

History of the Flighbt

Tan Arerican Airways!'Trip 100 departed La Guardia Fidld, bew York at 1601,
June i8, 1946, en route to London, Engiapnd, with stops scheduled at Gander,
hewfoundland, end vhannon, Ireland. Under an invtrument Alr Traffiec Contrél
ciearance, the flizht climbed on coursme to an aivitude of 15,000 feet and re—
rorted reacking that altitude at 1633. The fiight reported cver Hartford,
Conrecticut, at 1627, and untail that tize nad been completely routine.

At 1651, the fire warning bell soundes and the light for Neo. 4 enélne
ceme on indicating a fire in that naceile, Tne emergency engine fire pro-
cedure na. 1m.ediately imiviated in the following seyuence: The throtile
fuily ra%ardad, the mixture control moved to idls cut~hff, the propeller

feathered and the emergency fuel and o1l smui-off valve moved to the “off"

s

*81: tames referred to in thiy repcrt are Pastere Standsrd and hased on the
wh-hour clock.
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position. Tmuediately thereafter, the engme fire extingmsher control Sﬁas%&;j
moved to the No. 4 engine posivion, and the first Dottle of co, was emptled:f*‘f’“

«

into the nacelle 1n an attempt to extingwash the fire., Although the flames -
' were momentarily retarded, they soon burst out a gain, and a second bottle G.;:'
579) 5 was e mptaed into the nmacelle with sumilar results. The auxiliary €O,
botile wag used as a final resort but, as vith the previous attempts, the
fire was nol permsnently extinguished., )

#ving already passed Hartford, Comnecticut, the captain was aware that
weather conditions in ibs vicinity wore satisfactory for an emergency landing.-
Inasmich as the flaght was, at the time of the fire, above 2 than stratus over
cast, and since the captaimn was net avare of the weather conditions at nearp}r»;f
fields, he decided to return to kertford rather than attempt to locate alrport;;‘
which may have been slightly closer bub the weather at which may have caused j
a greater dslay, In ordsr to return to Eartford as rapidly as possible, the
captain descended with power and a2t a wery high indicated airspeed vihioh ultis?
mately reached 300 mph, Bacause the awrcraft was continuing to accelerate,
the captain partially extended the flaps and reduced the airspeed 1o apm'c:xii-li
mately 250 nph, S

Durang the mgn speed descent, the flignt crew obs.rved the propeller on:f

H¢e 4 ongine turn silowly despite the fact that it was fully feathered. Fla.liei’:i
viere pourmg from the top anboard louvers of that engine nacelle and were i'a-i
creasing in intensity during thc descent, At an altitude of approximately )

7,000 feet, about feur minutes after the fxre warnmg beitlsomded;thaﬂm:zf
engine suddenly swung dowrsard and f <11 free from the wings Fluids cmtlﬂuﬁd

to pour from the broken lines streaming behand the nacelle with an appearance
wnich somewnat resembled smoke, Some flames Were observed in the W 3 ‘-ﬂ!?‘?l‘ +

the leadang cdge on the inboard side of the No. 4 engine position afl:ér@tﬂé

enging fell from the aircraft, Shoruly thercafter, the aircraft aﬁ‘bﬂl‘édﬁ%
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,,mrercas‘b and conbinued through the straims cl@ﬁds e rou;tﬂs ’bs“i-lar%f‘or “;Z“: }f”w
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at approxumately 3,000 feet, the a:l,rcraft “broka out “heneath the‘ oveﬁééiﬁ%

o &7

- and at that time no fire witnin the wing was wisible to any- -of the f:t*ew m&mbe

The captain sighted landhan Aarport at nilimantic s Connecticut, a;rbd beﬁ'mg;mg@

certain of the damage incurred as a result of the fire, he decided to land‘“atm

f—r\

that ficla rather than prolong the flight to Kartford, In attemptang to lof%n? ;

e"’

ERTAR D

the landing geer, it was observed that the hydraulic system was mopem%iwb faqsy

2 result of breakage of hydrauwlic lines in the No, A engine nacelle; R:—lt}l w

.<~
j’

than lose any more time than nccoss ory, the captain decided against ai:temptﬁg :

to actuate the emergency gear oxtension system and landed as eoon as he m .

.o g

uk

2bic” to establish an upwind approach. The landing was accomplished to the s "~ -

-

northeast with partial flaps since no additiomal flaps could be c‘:xt@;idbd sub-

s

- scquent to the losg of Yo, 4 cngine,

The landing en the belly of the fuselage woe very cxpertly accomplished,
and little dampge to the aircraft structure sms sustained as a resulty Nons .
of the occupants vas injured as a rosule cither of the fire 4n flight or the

- emergency landing, Immediately after the sircraft came to rest on ""’ﬁidham T
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Airport, all ocoupgmiis deplaped safely, . - S Tt e,
- ke T
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Investy atich - - S

The aireraft lay on the turf a short distance from the dortheast runmg‘,

facing the nertheest, ith tho cxception of the damage reosulbing from the + - -

firc in the ¥6. 4 enginc nacelle, bent propellers on the three remaining @Im@&

and minor wrinkles on Wo, 2 and I'o, 3 engine nacelles » lattle damnge to the .

~ L

aircraft ims, obsewfédf.ﬂl‘hc No, 4 c;ng:l_ne and nost. of the nacelle were mssﬂ:ng
from ‘bhe right wing Evidonce was obserm,d ~of sfire o:[considerable mﬁens:{:hy
mi’ﬁ&ain ’ohis mczellf.f.g Fire h&d extended to the front spar of the right ’m:E"
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to prevent a drafy torocugh this section of the leadin~ edge. The heat had:~
i . B
been of sufflciens intensity to ouckle epproxamately five Feet of the upper =

portion of the leading edge irboard of the .o, 4 engzine nacelle, <.

N i

Tnvestization of the fire patiern disclosed the greatest concentration
of fire to hawve existad alonz the top inboard area of tre .o, 4 engine nacelie.
Analysas of the nacelle failure indicates that this section of the nacelle -

structure hecare i/eakened by fire and failed, The engine and cowling had

H ~

swung covm bearing avay the resaining portion of the nacelle and falling free .

frow the “ings ~ ith the separation of the engine fram tle ang structure, - T

x

_fare had apparently continued in the remalning pact of the nacelle for* ‘2 ahori'-

‘periods The steel shroud vhich had been installed to shield the front spar

had been foldea over exposing the :mboar'd regior to fire, The 'eb 1in the an—

“board section buckled and subsequently developed a prominent crack about Five

_inches long, exposing the interior of the integral fuel tank, Horaver, it is

Qéajmai‘ent that the crack had been produced after the fire in that regron vas

v

»m%in@l:tﬁhed. Ixamination disclosed that the fuel level, *athln the tank ‘“-ras

ﬁﬁri&iderably belo- the ecrack in the b,

. The Lo, 4 engine vas located on a farm on -mich 14 had fallen, at z point

‘épprm:’.:uaaﬁely 14 milcs east of ~ inchanm J;ir_zortg It 1s a}gparent that sewvaral
~sfejf;'i:.J.énfs' of the nacelle hag fal]jennmltla]_ly, follg ed in sequence by the -
ma::n electric junctzon box, the alcohol tank, the cabin supercharger and arive’
snafy assenbly, a® the engine proper, The.se components were located overia:n B
@rea back along the *"ligh‘h Path coverinz approximately 3_2 miles froa the -ggg;ut

a

at which the engine came o rest. ALY engine and accessory camponents and - -

‘ua

I
oL

ﬁ’t;“jﬁﬁwﬂl sectiors vere exsmined thoroughly for 1ndication of fire axzdfﬁ? B
%ﬂl:&:netiémg.‘
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The major portion of a'l fluld-carrying Jural lines, bvlkhead fattangs
and firevall attacimonts in Zone 2 weie gonsuwed by fire, as -sre akiwest all
cural lines aft of the firewall in Zone 3.% The emergency oil shut-off valve
~ag fourc rear ore en,ine tn she olosed rositim. sdone of the several engmne
components exa~iaec revealad anr sign of malfunctioning althoagh several bore
siens of Intense heat. Aa exanliacion of the pocer section ras accomplisned
but no indacatilon of nechanical failure -as disclosed.

A detanled exarina‘zon of ..o cabin supgrcharger drive shaft assembly
dasglosed a sipificart co'anctbicy of faxlures. Both tne immer and outer
reee ol v rorard cearing of tne drive s-aft ~ere mutzlated in a nanner
imdacating fgilure due fo inagecate larri-stzan Trooves oot into the wma-
versal joint wisclosed that smne of wne balls fro the shaft vearing had fallen
into the jornt sarsecvent bto fallure of the Learing resuliing in exiensive
mutzlation of the waversal joint legs. The drave coupling, “hich is the
Cirect commection .eb ecn the drive shaft and tho engine accessory cear sec—
tion, -ras leeatea wnSaecb, This unas is desismed so as to permit a failure in

£

snear wirer untsually cizh torsional lead conditioms, o ingicabion of exces-—.

sive shear forces 'wors obscrved in tnis unit. :
Xarmataon of thed part of the Iydraviic svotem ™thin he nacclle re— -

vezled no malfunction of the hydravlic Sune, e wver, the hizh-pressure hese

fithan atovached %o tnz pamp sYoed definite S51gne of ahrosions on hoe Underee

side ~haich had undovbbedlr occurred srier to xpacs -ith the ground, This

—

]
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Frome 1 o fars to T oor seetion or thed oree of 4he cngine naeslie forwerd -
of the disvhwragre Zoac 2 15 tac accessory $etion or bhot orea of dhe engine
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Figure 1. An onlarged view of the disgassembly of the engine end of the cabin supercherger drive shafy
and the hydrmulic ocut-lipe Fitting indicating the nsature cf the railure. A. Shaft bearing

B, Universal Joint, C. Universal joint housing; 0. Aluminum spring-shield; E, Drdve coupling

shear section; F. Hydraulic out-tritting; G. Hydraulic line (rubber covering consumed ox-
pasing stesl braid),
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fittang 1s located approxamately 3/8" above the forwerd end of the crbin super-
charger arave sheft. The cabain supercharger drave shoft universal joint hous- -
ang, which 1s attached to the engine gear box, had fracturced circunferentially
2t the mia-sccition, anc the rear helf of the howsing had mo ed rearward and wac
loaged over the spring assembly exparder. Jts raggcd edge bore indications

of having struck adjacent objects ana was rolled inward in such a manner as

to 1ncicate consicerable force of coatact vhile rotating,

The shut-off valves for the fuel ana oil systems are locnted at the fire- .
wall i1n Zonc 3. A fire ceonfaned to Zone 1 or 2 anc of sufficicnt intensity
to consume gaseline or o1l lines in those zones woula not be fed adertional
fuel other than that contzinca in the lines if the shui-off valves wors oe~-
tusted. FHowever, such protection 1s not afforded Zone 3. Ioreover, both
the fucl zne il shut-off valves mey be actustea only after the propelier
15 featnured ~hach lcaves 211 sueh lines forward of the firewall f2131ea with
wmflannzsic flures of sufficicnt guantity to cgerevate the Tiye scvLrely in

the event tpey wer: consumed sufficiently to perniiy leakage.

[
&

Inspuction of the iirewall discloscd tre fzet thet all dural flaﬁges e
ena hose fittings attachca to the fircwall end circetly vithin the fleme
peth were consumet by {fire., It therefore became apparcnt thot while the Ce
fircwall itsclf may have provided rwlatively good protection for Zome 3 - -
from any fire which originatcd in Zone 2, when the aurl fittings s.cre
burned or melted out, the effictivencss of the firewsll was serioasly limited
#oL fire vus able do penetrate into Zone 3 £t several poants.

A 2ir f21%er unit hoe been ineluded originally in this sircraft and
had been 1nsta11?d on the aft side of tle farewall +a than on micgral fire
wall 21r duct the damensicns of which were approzimetily 8% by 10", The

i -

&uﬁtlaxtendua almosﬁfygrtically to -3/l from b Top of th. nzcelle, Prior

4

- -6



o

:ag -
L

%%o the accident, the filter had been removed from the system exposing the duct

?5

s

‘d:..o Zone 2. The opening left when the filter unit was renetred had not been

covered. Tnis was contrary to the manufacturer's instructions. Conseguently,
the fircwall wss not capable of comwletely proventing venctratien of possible
face frow Zene 2 into Zone 3.

Tn the absence of a steel plate covering for the duct, the fire ihich

hroke out 1n Zone 2 passed waith little difficulty anto Zone 3 and, because

of the lack of fire exbinpuishing eculpment in this area; the fuel carryaing

lines were guickly consumed and the fire developed to uncontrolizble propor-
tions,
This model arrcraft was cguipped with fire detectors in Zones 1, 2 and
3, as well as in the inductaon system. Two separate fire aetection circuils
ware wnstalled 1n each nacelle and each carcuit was providsd w:Lth'a scparztie
i,!Qg"iirﬁa.rning Iight 1n the cockpit. One of these circuits included the engine in-
duction system and the other circuit included the three nacelle zomes. In )
this insiance, the flaght crcw observed that the warning laght which indicates
a fire in one of the three zones :Ln* No. 4 nacelle came on. Inasmuch as the s

induction system light did not come on, the flight crew assumed thal no five -
had occurred in this arca. The fire extinguishing system is so instelled = -~
that appraximately 70 percent of the 602 1s darected to Zone 1, 23 percent

+.¢ Zone 2 andm?rporcent to the induction system. Mo agoent is supplied i
to Zone 3. Should an engine nacelle fire penstrate to or originste in Zone

3, no neans of exbinguishmeni are.available to the flight crew. Furlhermere,
the embire system is designed in such a r;a:mer rhat, regardles.s of the loca-
t:!.on of the faire, the dmtrlbutlon of the wrbmgw.shmw agont 15 snportianed

:1;1 the sane rat.m. In the subject acclﬁmﬂ‘bg a.ltrhoug‘a three separave bott}.&s
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of COp hae bewn vischarpic 1mo the nncel.e, 1onc of tic »funt proved ei’iei:;;
tiwe 1n exsinpuishing the fire in Zone 2 or 3.
Discussaon

Jlthourh the flicht ercw follpwea the rocccures for cowvatiag Dover
plont fiivs 1 & satisfactory manncr and whilized tne fire oxtinowrisaing
couisment as completll  as possiole, therc 1s no coubt trat ihe fact that

bl

No. L engdne fell from the aarcraft et tro woment 1t cla proved to be the

P

- most effcetave single faetor in removing tre danger to the vving structurc.
V4

Euecdazgbel s Drier w2 twarin_ loesc irom tne van:, tae uacclle corn.ainea ¢
every eviaence that the fire was increasing in intonsity; that therc was
no Jop. of the firciburning itself out": ane thal no further corrcctive
action on tioe purs of tic cruw ses Drecticablu. Hao the enzine nacelle
remaine s sntact ror a lon or reriod of tame, 1t 1s curbtain that the fire
would have yeakencd the ying structure sufficivntly to causc farlure of a
major wing componcnt or combination of componunts. There 15, furlharmore,

" reason $0 ouliicve that the fire wwuld have sproaa anto tha "o 3 enpane
nacelic had not the mejor so.rce of the fare been <liminstea when the eng:meﬂ
torc loose, The damare to toe shar ancacates forcaibly tne narrot mar-in
under shiien the sireraft -as operating abt thr moment the chgine was wropped
and wry libtle edaitional hoat olla have been reouar.d to 1gnite the fuel
1iathin the integrel tanks. '

The fact that 2lwost all tne fluid-carrying cural lines am Zones 2
and 3 were partially conmumeg by fire inmacotes the neeessity for mateorials
of greater heat-resistant @alities in chose linos carrying 1nflam;13ble
* T

Tluidg, Rerardless of - hother shut-eff valves are incorporated in the re= -

spective systums, the ag wegate capscaty of all gasolire, oil, aleohel, ..

_.ﬁ}- o
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. and hydraulic flpid lines furnishes a source of fuel for nacelle fires which

may develop a fire of severe proportions. In the event the feathering action
is not complete and the propeller windmills vhile the fire extznguishing pro-
cedures are being executed, the cortents of the o021l sump may combimme to drain
nto the area of fire 1f the lines in this region are censumed, The lines af%
of the firewall presented an even greater \hazard 1n this respect inasmuch as
the action of the swt—-off valves did not prevent the continued flow of in-
flamable fluids through fractured or firs-consumed lines,

It 15 apparent that the contents of the fluid-carrying lines contributed
Yo some extent to the fire an tnis instance., Becanse the shut-off wlves can-
not be actuated prior to completion of the feathering action, the lines retain
full ecapecity of thear resvective fluids, It does not appear impractacable to
50 design the system that these lines he emptied of thear contents prior to

feathering but after the ignition swtches have hesn shut off. While the

_ fire-resistance of empty lines way be less than those lines whach carrv fluids,

s
thev nevertheless present less of 2 hazard in engine nacelle faires,

The effectiveness of the firewall aprears to he of paramount importance
in consideration of fires as cccurred in this instance and itns evidence i <
dicates coneclusaively that the effectrveness of the firewall was seraousiy ~‘ “
1mpaired as 2 result of the burnzd and melted flanges attached to the fire-
wall. Fire penetration into Zone 3 was possible through the large openings
left in the firewall whan these dural flanges were burned ocut. It appears
umreascnable to incorporate 1m the firewall faittings and attachments of such \ )
composition as will substantially reduce its effectiveness particularly in v

vigw of the fact that materials are available wshaich mill provide a fire-

resistance almost equawvalent tp that of the firswall atself, The omission

(S



of the stecl pl-te over the opening left when the air filter had peen removed
from the firewall vas clearly an over51ght%and the ropadity with which the
fire incrcascd to severe proportions can Trimarily be ittributed to this factor,
Unlcss an enging nacelle fire con be effcetavely 1solated, catinguishment tech-
nigues ~ro rendered extremel;r difficult.

Zvidence of severe hest on the bafile between cnganes No. 3 and go. Iy,
on the wing structure adjicent to the noellle » ncluaing the front spor end
on the steel shroud protecting thet portion of the spor circetly behind No.
Ly enginc, indic-tes cleerly the necd for adaitionel Hrotection of the aireraft
structure irom engine nocelle fires. The grectest single danger from such - -

£

fircs lies 1n the potentinl da 2ge to the siang structure, and it wes apparent

x

that the fire vizs in no sense confined to the nzeelle in this instince. 41~
though the stcel shrous mentioncd rbove Jroved ¢ volucble shicid for the frond
Spar, simllar protcction shouléd be provided the rumainder of the criticzl wing

structure lying an the probable flemc path of 2 nacclle Fire. S

Examinction of the echin super charger drive shoft univers-l Joing hous- -

- -3

ng ana the adjzeent hydroulie £1uid line anc fitting revezls the probebls - :::;5
orapan of the farc. The forwnrd becarang of the drave shaft fraled os & rosuls.

of lcck of Ilubrication. Failurc of this bearing ceuscd the anaiversal Joint -

[
I

to vhip vieluntly snd bect agranst the inmer surf-oce of the universsl joink

~

housing, The housing cventuallys fracturcd circmmicerenticlily end the rear PO

~

tion beecame froo to rotate ¥th the shft “nd to move rearmrd, 58 ¢ resuli

of the violent vhazaing action which followeed the fozlure of $he beorang, $he:

RO4R 06610 Tho fircwell shzll completcly isolote the wigine comp.riment

nd f;hall have all N=CosRaY. openings fitted wigh tlosc-fitting grommets oy
~bushings. (Pert O, o5 amcnded to November 1, 1943) .
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The cabin supercharrer drive shaft assembly installed in N 88858 18 sbovm beside a new umit,
The drive coupling shear section (E) 1s shown partially installed.

The shaft bearing failed due to lack of lubrication and the inmer race (A) became separated
from the outer race. This resulted in violent contact between ihe universal joint {(B) and
the umiversal joint housing (G). The housing eventually fractwred circumferentially and the
ghaft was permitted to vibrate while rotating. The fractured edge of the universal joint
hous:ng (C) st1ll on the shaft contacted the hydraulic out—fitting (F) breaking the seal amd
causing a spray of bhvdraulie fiuid throughout the arca.

The drive conpling shear section (E) was so constructed as to permit a failure in shear un~
der such ecarcumstances, This unit, however, dad not shear in this instance and the failure
occurred in the universal joint housing instead.

Item D imlicates the aluminum spring-shield,

Ttem G amdicates the hydravlic iine with the rubber covering consumed exposing the steel
braid.



supercherger arive shaft cnd housing came 1n contact with the hydroulic line
fatting vath consaderable force causing leckage of hydrouvlac fluide Inesmuch
as this line 1s under 2 pressure of et least 1,500 pounds per squrre aneh, the
flwe 1.8 vvadently relecscd forcefully in = fine spray. The cause of the
agnition of thc hydraalic fluid wes not posirtively cctermined, howcvery, block
tests 1 ere conducted on the supercharger dr:'wa shcft b Lockheed Aircraft Cor~
por-tion in vhich such 2 situation was simulcoteg, ano 1t wes diterminca that
this condition resulicd in o shower of sporks accompznied by considerable
heats These tosts roevealed, furthermore, that the heat doveloped in burnang
out the supcerchorger drive shaeft bearing and froceturans the pucrd left the
universal joant red-hot. The fralure of the umiverscl beoring, thercefore, was
capable of cousing leakage of the hydraulie fluid cnou of producaing the heat
neeessery to 1gnite ab.

Shearing, of the arive shoft coupling would hove proventea the domage whach
rcsulted from failure of the forwnrd buzaring by permittiing the drive sheft to
stop. It 1s not knovm vhcther the torsional lozds for - hich the umit was de-
81gned cxceeded those cncountered in this instonce. However, fralure of “the
sheer scetion hra overted scrious domage in other occoasions in which the super+-
chergor draive sirft becraing hed fmled in this model aircraft. Becouse of she
difaculdty” of acsisning @ shear wnat adecucte for o1l possiable load conditions ‘
resulting from failures in the drive shaft zssembly, consideration should be
givin the 1nstiilotion of & more satlsfﬁactary mesns wWhircby the shaft may be
disconncchen from the cngane aCCLssOry geor section.

Beeause of the cxtremly high pressures at wnich hydronlic fiunid is con—
ducted through (nginc nzeelles and the relotively high anflomnebalaty of our-

rently uscd petroloum bose fluids, hydraulic lines rresent » portienlerly

-significant hazord. The cvidonec obtzined from the anvestagation of this

o
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acciders irdicazes that a leskape ir a nvdraulic lwne or fittine often re-
ne ofce

sults 1n a fine spray of hydrawiic fluid ceans forced into the recelle

under extremely nighpressires, The explosive marner in thich such a spray

of hydrawlic flaic 1znites "8s beep effcebively reronstrated ir Lockheed

vory —ests conaucted since this zccicent, TL 1s ~hesefore urgent that

n

)

lacor
filuios of lusser comousia™ildaty be developed for use 1n motern airers®™ as

soon &5 vossivie. AL least two such prodacts heve ccen cevelcoped to date

1l

4

~
~

but Tre pricory ohstacle to the ammed:-ue use of soeh f1oifs 1s che loek

=

of service ¢ 8. Cita a8 1o their usahalily —anh_p nydrauvlae svetoms incor—

norated 1n caireraft cop-en-ly an service, -

1 It 1s signailicane ~nay gnaer the conctiors of ‘hag acei. et ihe evi-
dence drsclosrs litiie pparcnt =27fee! 7 ire G0o on tre fire, sltnough the

flames ver: roturded o ervarilr follorin~ vhe ri.icl caschirge of (0p, ther
inmedrotely hroke oul . 2an Tata even gredter intengiiv, The follovirg two

dischergas eviienil” hoo ao effset. Tt is <aflicelt Lo deteraine zccuradely

whe-rer {he risch-rge was inadecuate So extinguish the firve ar all, or vhether

tae svbstoace which ves baoming ras berog relecsed un er such circwrstances

wnay a1t kecampe mmedt tel - rergmited, Fowever, i vas doemonstrated in sub—

-

secucnt tests that thile t-e uhiversel Joint wos hein~ curnen sal®ivient heat

of the hydraulic flmd as readily as

vwas developed to continue tle combustior
oxygen beeare ovailable, I 1s m-ort-ont nevertheless to cons _der that the

Iightness of the C0s would fecrlitate dissipation in tne ear®lo: thronth’ the )
nacelle, and _net the effeciiveness of COp 18 veli kncwn lo "o anferder to
thtl of methyl bromide <nd morochlorbromncthane as & fire~cxtinguishing acont,

ir carvier S8it-

oy
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In wisq of the fret vhw the aciptabalaty ol © z

tlere iz wrioubtedly ¢ noc ¢ for more

crait hoe not been aeserined porrlobelw,



intensave rescorch into the opplicability of superior agents to carcroft fire
cxtinguishing systems.

It 1s belicvew, furthermore, thot the chsence of dischargc nozzles anto
zone 3 deprived tn t regien of the fire protection 1t neoded an this instence.
Tt oppesrs 11loplesl thet & actection acvice should be ant;rpora.tf,d in that
zone to warn the ~1lot of the exastence of ¢ fare vhen no mens are cvoilable
to ham of extanguashing such < fires All resecarch dat2 availablc prior to
the time of the zecidint, hovever, inaiccted that the distrabution of the fare
extinguashing nozzles incorpor:sted in this pover plant was accomplished in ac-
cordonce atn the best informetion availlable to the avaation industry. The

.aavent of Jsowcer nlants of the size znd opercting in the tempersture ronge of
the type .nganés involved poscs preoblems which require ¢ recvaluation of the
sefety technigues aevelopea on the basis of ¢wrlicr pover plents. Fercmost
among thesg certoinly «re thosc technicues aesigned to prevent or control
engine nocelle faires.

Finaings

Unon the brsis of 211 availesble evidence the Board finos thot:

1. The Compeny, oirceraft -nd crow were Sroperly certificctod for the
flight, -

2. Thit nortion of the flight to o moint ebresst Providonce, Rhc;de
Isloind, nod oeen entarcly routinc with nothing unusual having been obsarved.

3« after the careraft had been in flight cpproxamitely kO mymites, the
fuptrcharger drive shoft bearing fealed due to inzeequ-te lubricataon; the
Rnivcrsa]: joint housing sttached te the engine goor box froctured in its mid-
siction and struck the hose-fitting on the outlet line from the hyarsulic pump

sefficiontly to causc o leakege of nyoreulic flmad inte Zone 2. .

135 -
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4s Forlure of the forward ball besring of the supercharger drive” dhmit
-7

¥ £

and subsequent failure of the uraversal Joint housing generated sufficiént

10t to agmmate the hydraulic fluad.

5. The drive shaft shesr coupling failed to shesr 1n this instance

and no means were sveilable to aisconnect the supercharger draive shaft from

¥

the engine accessory gesr sectilon.

6. The engine fire warning bell sounded snd the fire warning light
same on indicating fire in one of the three zones of the No. 4 engine
nacelle, Neo fire vas indicated in the induction system.

: ¥, The flaght crew observed flsmes coming from the top inboard louvers

»f the No. 4 enpgine nacslle.

8.- Normzl emergency fire procedures wers executed by the erew and azll

Jiree bottles of COn were discharged 1nto the engine nacelle.

9. The first discharge of GO, retsrded the fire nomentarily but the

mbaequent two discharges had ne apperent effect upon the fire. -

~ -~

10, The fire consumed almost all fluad carrying lines in Zone 2 and. -

b -
¥

nersased rapidly in antensity. -

EX =
e
tiftrr s

11. After penetrating the firewall through the uncovered air filter duci,

he fire partizlly consumed most of ths fluid carrying lines in Zone 3. -

e

12. No fire extinguishing dischsrge nozzles wers located in Zons 3

-

] - =

Ithough one fira detection urit had been installed in that area. :

-13. Hsving burned for approximately four minutes, the Tire weakered ﬂ'ﬂ%*

acelle structure sufficiently to cause 1t to tear loose from the wang z{ﬁﬂ%ﬁ
N ~ . .

e & £ .2,

21l ifres. e

14, Some fire persisted in the wang for a short vhile after the aﬂﬁﬁi

acelle fell from the aircraft.
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S 15, Thile the fire was in prosress, tho capbain descended at high speed,

-

returnan_ torards Hartford, Connecticut, wath intentions of landing =t the

c1rport located near thet euity. X -

o~
I

.
-
I A T,

16. The aarcraft entered o thin stratus overcast at approximately l,000

LR

foot one broke out beneath the clouds at 3,000 feet.

17. Alter breaking cut beneath the overcast, no fire was visible to any

of the crev members. )

18. Upon sighting Tandham Airport, Willimantic, Connecticut, after estnbw .

lishing visual contact, the captain elected to land =t that field.

19. Inasmich es the hydraulic system was ineperative, a landing was mede -

T

viath the landing gear retracted and with the flaps pertially extcadad, -

20. No injury to any of the occupants was sustained as a result pf exther

~

the firce in flight or the emergency landing.

Probable Couse
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The Béerd determines that the probable canse of this accldent was i‘:'rxe‘
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in the oo L engine nacells due to frocture of the universal joint hausing
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and subsequent ignition of the leaking hyarmlic fluid. e
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43 2 result of the Inwesbigation of this accidont the Board concindes -
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1. The major wing structurc in the vicinity of the enginc nacelle wyas -

“Rot adequately protested from nossiblc tngine nacelle fire {n OU9 airersft. )

2. Imxal =nd ¢othey z.liuys ol aluminum ar. nei sufficimtl;f r&é&t&nﬁ

to heat to warrant their use in lines conducting inflammcblc Thuds within ‘iﬁ:ﬂa -

g«angim nacelle,

s

g;{aﬁ}i Bavitig been locited.
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at the firewsil, the shut—of{ valves afforded” S
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no protection from possible drainage of highly inflammable fluids through ff'ac:—‘

tured or fire-consumed lines in Zone 3,
L. Because tne shut—off valwve mechanism cannot be actuated until after -

the propeller is feathered, ihe fuel and o1l lines throughout the engine

nacelle retain their respeciive fluids after feathering has been accomplished,

The presence of such fliaas wathin the nacelle presents a definite fire hazard,
5. The effectiveness of the firewall was seriously.limted by 1nadeqguate
sealing and oy the use of dural fittings.

b The design and location of the cabin supercharger drive snaft installed
in tne 049 untal the time of this accident presented a distinct fire hazard
beczuse of i1ts suscepuibality to poor lubrication and 1ts proxymity to the
hydraxlic lines,

7+ Pevroleun base products presently in use as hraraudlic fluids are
excessively inflazmable parcticularly in vaiew of tne fact thst materials of
lesser combustibility have already been d:aveloped. Service test has not been
accomplished on any of such fluids. \

8+ Tne carbon dioxide fire extingurishing sssten was not adequate to

extinguisk tne fire in Zone 2 sufficiently to permat the flisht crew to re-

L]

wove the fuel source and the cause of i nition,

9. The aistr.bution of the fire exvinguwishang wgont througnout the
nacelle was inadecuate Tor some fires., 1o extinguishing agent was provided
in Zone 3

Bl THE CIVIL AVRCHAUTICS Z0ARD

3

/s/ J. 1, Landis

; ' /s/ Osald Ryan

’ . /s/ Harllee Branch )

/s/ Josh lee

/s/  Clarence M. Young
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Intensive research was accomplished by the Safety Burean into this and

4

other recent accidents involving fire in air carrier aireraft in order that

4

the mest effective action possible may be taken. Coordination was accopplished

with all azencies concerned in the oreparation of an amendment to thess parts
of the C1v}11 A1rr Regulations pertaining to air transport aircraft and cpera-
tions. In view of the wvulnerabality of Zone 3 to possible engine nacelle
i‘~1res ard the potential danger which exists 1n demage incurred by the eritical
wing structure in the vicinmity of the engine nacelles, the Cival Asrorautics
Board pr.'omulgated‘addltlonal regulatiors designed to 1solate_ more ;:Q!ﬂpletely .
Zones I and 2 by increasing the effectiveness of the farewall in a:jrcraft in
the air transvort category, tc improve the systems of fire detection and ex—
tinguishment in both the fuselage and engine nacelles, and to increase the

fire resistant qualities of engine nacelle compoments and aircrafb structure,

These regulations become effective November 1, 1946,

-

The manufacturer had foreseen some of the implications of engine nacelle

BT

fares in the Model 049 aircraft. For ipstance, the stegk shrend Wﬂtﬁﬁ'ﬁﬁlg“e i
the mein spar directly behand the nacelle and the Zone S engine fire deigactim :

unit "ad been added although no such protection had been provided other aircraf¥

models currently in alr carrier service nor were any requirements in existence.

which rendered such installations mindatory. This accadent discloses, however,

that the fire prntection in the 049 engine nacelle was not totally adequate and -
that further attention was required td correct deficaencigés ip fire prewntive? E
€auipment, The r:emed:r.es being effscted as a result of this mvegtigatlén will
not be confined to this particular model aircraft but will be extendad whersver

L

neepssary to include all aircraft in air carvier service,

-



SUPPLEMENTAL DATA T

Investigation

» -

Tae Givil Aeronavbics Rozrd was notified of tl_ne accident at 1745, Jus

18, 1940, ard an mvestlgai‘;ion was immediately inlt%ated :m accordance with
the provisions of Seckicon 702 (a) (2) of the Ciwval Aercnautics ict of 1938,
as amended. Air Safety Investigators of the Board's New Yorx 0ffice errived
at the scene of the accident at 1130 the follgowing day, and were later as-

1sted 1n the investigation by other meroers of the Safety Bureau Staff., A
public hearzng was ordsred by the Board and was hald a t New Yorx, Ne Ta,
June 28§ 1946, ‘

Air Carrier

Pan American Airwais, incornorated wnder the laws of Delaware, ana having
1

established 1ts heacguarters at New York, K. Y., was operated under a Certifi~

cate of Public Convenisnce and Necessity and an Aar Carrier QOpsrziing

r

Certificate, both 1ssued pursuant te the provisiens of the Cival aeronautics

oy

sct of 1938, as amendoed. These csritificates cuthorized Pan american »1Twejs
to transport persons, property ana nail betieen New York, USA, and London,
Pngland,

Flight Personnel

Captain Saruel H, Maller, ago 29, of White Plains, New York, vas pilst
of the aircraft. Unbil tnc date of the accident, he kaz accumulated 2 total
of 6,000 hours flying %ine, of which 226 howrs “mre¢ obtained in Leckheed
049 aareraft, Farst O_i‘flcer: “joodrow L. Izvson, age 28, of Beechhurst, e Tas
was co-p1lote He had accumulated & total of 1,802 howrs flying time

L3

wntyl the aate of the accident, of mhien 20 hoars were obtained in Lockboed

0.9 aswcraft, Jobn J. Eorell, Sscond Offacer, Porry <. Mamiord, Thard N
- 5 2 J 3

Offrcer, Charl.s R« Kaufmon, Engimcer OIfficer, Goreld ¥We Fay, Assistand
Ed




¥. Avenia,

—i®

fficer, Ralph S. Gibson, sezdio 0fficer, Frederick Gusman,

Ingineer
Assistant Radio Officer, John T, De Rudder, Purser, and Beatrice
Sterardess, corprised ths remaincer of the crew. All flight crew

personnel were properly certificated or othemase oualifisd for their

fozprebive duties,

dacrali
cckheed 043, Comatellation, was manufactured ip April

110 68858, a 1
1946, and had untail the date of the accident accumulated a total of 387

hoass flying time, Foor T"right Duplex 739 C-18BA-2 engines wore installed,
The engines wers eouipped i1th Hamilton

gach rated at 2,200 horsepovwer.,
Kach en,/ino hao sccumulated a total of 387 hours

Swardard propellers.
geiveice swnee wnelallation durihs manufzctore. At the time of tako-off
rathin 1is

k1

q
fi0.. Taduarsia Field, the total -might of the aircraft was
mATImMUTT gross leac larits, and tne leoad was distributed with recpect to

1tz center of gravity snthin apnreved limits.
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